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in the medio-lateral mesoderm. Xlhmgax expression is detected, by
RT-PCR, from stage 2 to tailbud stage and then decreases at tadpole
stage. Xlhmgax mRNA is detected by ISH at the tailbud and tadpole
stages. Localized mRNAs are present in various head regions, and in
particular in the hindbrain, optic and otic vesicles, and in the branchial
arches. We also investigated the biochemical properties of XHMGA2β.
In GST-pull down assays, we found that, similar tomurine HMGA1, it is
able to interact with OTX/CRX homeodomain transcription factors.
Furthermore, EMSA showed that the DNA-binding properties of
XHMGA2β, but not of XHMGAx, are shared with the human homo-
logue. In order to address the functional roles of both Xhmga2β and
Xhmgax, gain and loss of function experiments are underway. 5458
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Assessing the effects of Ca2+ activity on transcriptional regulators
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Andrew Hughes a, Matt Wester a, John Hayes b,
Christopher Del Negro b, Margaret Saha a
a Department of Biol., College of William and Mary, Williamsburg,
VA, USA
b Department of Applied Science, College of William and Mary,
Williamsburg, VA, USA
The acquisition of neurotransmitter phenotype is critical to the
function of the nervous system; however, the developmental mechan-
isms by which neurons acquire neurotransmitter phenotypes are not
well characterized. While the role of transcription factors has been
emphasized in previous work, it has also been suggested that discrete
frequencies of intracellular Ca2+ transients may be correlated with
speciﬁc neurotransmitter phenotypes. We are interested in how Ca2+
activity interactswith programs of gene regulation. To determine if Ca2+
mediates gene expression at the transcriptional level, primary cell
cultures in 0, 2,10, 25, and 50mMCa2+ have been prepared from neural
plate-stage Xenopus laevis embryos. We are using qRT-PCR to assess
levels of expression of GABAergic and glutamatergic phenotypic
markers as well those of transcription factors implicated in GABAergic
versus glutamatergic phenotypes.We predict that levels of Ca2+ activity
will be different in neurons cultured in different concentrations of Ca2+
which we are analyzing with confocal microscopy and the Ca2+
indicator Fluo-4. If Ca2+ transients are inﬂuencing neurotransmitter
phenotype determination at the transcriptional level, changes in
activity may correspond with changes in the levels of expression of
transcription factors regulating these phenotypes. Together, these data
will provide insights into the interactions between Ca2+ activity and the
developmental genetics underlying neurotransmitter phenotype.
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Terminal differentiation gene coexpression in GABAergic and
glycinergic neurons
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The acquisition of neurotransmitter phenotype is a critical step in
the development of the central nervous system and requires extensive
coordination of gene expression and intercellular signaling. While the
terminal differentiation genes and many of the regulatory factors
necessary for neurotransmitter phenotype speciﬁcation have been
identiﬁed, the timing of neurotransmitter phenotype acquisition and
the precise mechanisms remain unclear. We have used ﬂuorescent in
situ hybridization and confocal microscopy to examine the expression
of terminal differentiation genes of GABAergic (xGAD67, xGAT1, xVIAAT)
and glycinergic (xGlyT2, xVIAAT) phenotypes in swimming tadpole-
stage Xenopus laevis embryos. Our data show that despite the functional
necessity for xVIAAT in GABAergic and glycinergic neurotransmission,
26% of cells expressing xGAD67 and 14% of cells expressing xGlyT2 in
the spinal cord do not express xVIAAT. xGAD67 and xGAT1 also have
signiﬁcant areas of distinct, non-overlapping expression, even though
both are necessary for GABAergic neurotransmission. Furthermore,
approximately 15% of cells in the spinal cord expressing either xGAD67
or xGlyT2 coexpress the other. These data suggest that GABAergic and
glycinergic neurotransmitter phenotype identities may not be ﬁrmly
established or mutually exclusive during early development. We are
analyzing the expression of transcription factors implicated in
GABAergic and glycinergic speciﬁcation to determine if different sets
of factors specify cells which express multiple phenotype markers.
doi:10.1016/j.ydbio.2008.05.489
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Fibroblast Growth Factors (FGFs) are secreted molecules that activate
the RAS/mitogen-activated protein kinase (MAPK) signaling pathway. In
zebraﬁsh development, FGF signaling is responsible for establishing
dorsal polarity, maintaining the isthmic organizer, and ventricle
formation. To understand how FGFs control these processes and dictate
gene expression, we are studying the transcriptional regulation on an
FGF target gene, dual speciﬁcity phosphatase 6 (dusp6).We have identiﬁed
several putative DNA binding sites within the dusp6 promoter, including
consensus sequences for Pea3 Ets transcription factors. Since several Ets
factors are known transcriptional mediators of MAPK signaling, we
hypothesized that Ets factors function to mediate FGF signaling
processes. However, functional studies have been difﬁcult due to
redundant roles of Pea3 Ets factors in development. The importance of
a speciﬁc Pea3 binding site within the dusp6 promoter was determined
by EMSAs, and we demonstrate binding of an Etv5 Ets domain to this
Pea3 site. In addition, our gain-of-function studies show that over-
expressing an activated form of Etv5 can induce dusp6 transcripts, thus
indicating the importance of Ets factors to activate FGF target genes. In
loss-of-function studies the concerted depletion of Ets proteins, Erm,
Etv5, and Pea3, evoked phenotypes reminiscent of the fgf8 zebraﬁsh
mutant, including the disruption of the mid-hindbrain boundary and
altered heart formation. These results reveal the requirement of Ets
factors in maintaining FGF signaling in crucial developmental processes.
doi:10.1016/j.ydbio.2008.05.490
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The pineal gland, or epiphysis, sits on the roof of the diencephalon
and is a simple photoreceptive structure in most anamniotes that
acquired aneuroendocrine role in mammals. Its structure is compar-
able to the primitive eye found inmollusk or ascidians. Our fatemap of
the anterior neural plate, in zebraﬁsh, localized the pineal precursors
in a very lateral position, coinciding with the pre-placodal territory.
Genetic loss of function studies further show that the formation of the
epiphysis requires Dlx3, a protein strictly expressed in placodal
ectoderm. Mis-expression experiments demonstrate that the combi-
natorial expression of the homeodomain transcription factors Dlx3
and Flh/Noto is sufﬁcient to confer pineal identity. Finally, observa-
tions made in otx1;otx2 double loss of function embryos reveal that
pineal cell fate speciﬁcation, controlled by Dlx3 and Noto, occurs
during gastrulation and is negatively regulated by the Fgf signaling
pathway. All together, our study uncovers the placodal nature of the
pineal complex and identiﬁes the genetic trigger of its speciﬁcation
during late gastrulation. Implications on evolution of the anterior
neural ectoderm will be discussed.
doi:10.1016/j.ydbio.2008.05.491
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Retinoic acid signaling plays key roles in the establishment of
proximo-distal nephron segments in the zebraﬁsh kidney
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The nephron is the basic functional unit of the kidney and is
comprised of specialized segments of epithelial cells. How these
segments form during nephrogenesis remains poorly understood. The
zebraﬁsh pronephros consists of two nephrons that arise from
bilateral ﬁelds of intermediate mesoderm (IM). We have demon-
strated that these nephrons are organized into proximal and distal
segments, likemammals, and that retinoic acid (RA) plays an early role
in deﬁning proximal versus distal IM progenitors. This work estab-
lishes a new paradigm for the anatomy of the pronephros. We per-
formed a forward genetic screen to isolate zebraﬁsh with kidney
segment defects, and isolated the lightbulb (lib) mutant that displays
expanded distal segments and reduced proximal segments. This
phenotype is strikingly reminiscent of embryos that lack RA. The distal
expansion/proximal reduction of nephron segments in lib embryos is
more severe than raldh2-deﬁcient neckless mutant embryos, but less
severe than DEAB-treated wild-types. Based on these ﬁndings, we
hypothesized that lib mutants are RA-deﬁcient. In support of this, lib
can be rescued by treatment with exogenous RA. These data suggest
that the lib gene product is essential for RA bioavailability, and provide
further genetic support for the notion that RA signaling is integral for
establishing the proximo-distal fates within the IM ﬁeld. Continued
study of lib, and the identiﬁcation of the defective gene, will likely
provide new insights into themechanism bywhich RA patterns the IM
into distinct renal progenitors, and further our understanding of
nephron formation during embryogenesis.
doi:10.1016/j.ydbio.2008.05.492
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Pigment cells and the patterns they form are a useful model for
understanding the development of post-embryonic neural crest-
derived lineages. Zebraﬁsh pigment patterns undergo changes from a
simple embryonic pattern to a more complex adult pattern during the
period called metamorphosis, between two and four weeks post-
fertilization. During this period, embryonic melanophores die and are
replaced by new melanophores that differentiate from latent pre-
cursors and then they organize to form a different adult pigment pat-
tern. We are using one class of mutant that has normal embryonic/
early larval pigment patterns, but defective adult pigment patterns, to
identify factors required to establish, maintain and recruit melano-
phore precursors during post-embryonic stages. picasso, which re-
sults from mutations in erbb3b, an epidermal growth factor receptor-
like tyrosine kinase, is one such mutant. By means of morpholino and
pharmacological inhibitionwith AG1478 and PD 158780, we identify a
critical period during embryonic stages for erbb signals in promoting
much later pigment pattern formation, with a peak sensitivity during
neural crest cell migration. Using sensitized backgrounds, we also ﬁnd
cryptic requirement for erbb signaling during metamorphosis. Cell
transplantation experiments indicate erbb3b activities that are both
autonomous and non-autonomous to the melanophore lineage. These
data are the ﬁrst to identify a requirement for ErbB receptors in pro-
moting pigment cell development and further suggest that erbb3b is
required early to establish a population of adult pigment cell precur-
sors that may be stem cells.
doi:10.1016/j.ydbio.2008.05.493
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During zebraﬁsh embryogenesis dorsal–ventral patterning is
achieved by mutual antagonism of ventralizing BMP signaling and
dorsal fate speciﬁcation mediated by the Spemann organizer. Muta-
tions affecting BMP signal transduction lead to loss of ventral fates
without expansion of the organizer. We isolated a novel recessive
maternal-effect dorsalizing mutation, p18ahub, causing expansion of
the organizer in a forward genetic screen for maternal factors required
for zebraﬁsh development. Although induction of the organizer at
mid-blastula stages appears normal, p18ahub embryos have expanded
axial mesoderm by late blastula stages and ectopic partial axes by late
gastrulation. In contrast to all reported mutations affecting BMP
signaling, bmp gene expression is reduced or absent from blastula
stages throughout development in themost severely affected embryos.
Such embryos are similar to radially dorsoanteriorized embryos that
have been treated with lithium chloride, an inhibitor of Beta-Catenin
degradation. The expression of vox, a repressor of dorsalizing genes,
is also severely reduced or absent from blastula stages onwards. Based
on their dorsal–ventral patterning defects, p18ahub embryos most
resemble wnt8 and bmp2b or vox, vent, and ved deﬁcient embryos.
Positional cloning of the mutant gene is underway. Future molecular-
genetic studies of this mutant gene will likely further elucidate how
ventralizing gene regulatory networks are integrated during verte-
brate dorsal-ventral patterning.
doi:10.1016/j.ydbio.2008.05.494
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